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'XULQJ WKLV GHYHORSPHQW -$($KDV DOVRGHYHORSHGSUHGLFWLRQ FXUYHV WR HVWLPDWH QRW RQO\. VWUHQJWKVEXW DOVR
WKRVH DW DQ\ WHPSHUDWXUH IURP URRP WHPSHUDWXUH 57 WR .ZLWK&1 FRQWHQW DQG VWUHQJWKV DW 57 IRU /1
FRQWDLQLQJZLGH UDQJHRI&1PHQWLRQHG DERYH >@7KLV SUHGLFWLRQPHWKRG DOVR VHUYHG WKHEDVLV WRGHYHORS WKH
PDWHULDO GHVLJQ VWUHQJWK FXUYH GHILQHG LQ WKH PDWHULDO VHFWLRQ RI WKH ³&RGHV IRU )XVLRQ )DFLOLWLHV  5XOHV RQ
6XSHUFRQGXFWLQJ0DJQHW6WUXFWXUH´LVVXHGE\WKH-DSDQ6RFLHW\RI0HFKDQLFDO(QJLQHHUV-60(LQ2FWREHU
KHUHDIWHUUHIHUUHGDV-60(FRGH>@
7KHVH PDWHULDO GHVLJQ VWUHQJWK FXUYHV VKRZ UHODWLRQ EHWZHHQ GHVLJQ VWUHQJWK RI HDFK PDWHULDO JUDGH DQG
WHPSHUDWXUH IURP57 WR.)URP WKLV UHODWLRQ -60(FRGHDOORZV WRFRQGXFW WHQVLOH WHVWVDWRQO\57DVTXDOLW\
FRQWUROWHVW+RZHYHU-$($PDQXIDFWXUHWKHDFWXDOVWUXFWXUDOPDWHULDOVIRU7)&VWUXFWXUHEDVHGRQ-60(FRGHVWR
UDWLRQDOL]HTXDOLW\FRQWUROWHVWDW.IRUODUJHDPRXQWRIPDWHULDOEXWDFWXDOPDWHULDOVLQFOXGHPDWHULDOVKDSHZKLFK
LV ILUVW WLPH WR EH PDQXIDFWXUHG 7KHUHIRUH -$($ SHUIRUPHG WHQVLOH WHVWV DW . IRU WKRVH SURGXFWV WR FRQILUP






2. Outline of material and the Prediction method
2.1. ITER TF Coil Structure materials requirements
&U\RJHQLF VWUXFWXUDOPDWHULDO IRU ,7(57)& VWUXFWXUH UHTXLUHV KLJK VWUHQJWK DW VXSHUFRQGXFWLQJ FRLO RSHUDWLRQ
WHPSHUDWXUH WR HQVXUH KXJH HOHFWURPDJQHWLF IRUFH 'LIIHUHQW VWUHVV LQWHQVLWLHV DUH ORDGHG LQ HDFK SDUW RI 7)&
VWUXFWXUH+HQFH LW LV UDWLRQDO WR GHILQH GLIIHUHQW VWUHQJWK UHTXLUHPHQWV RQ \LHOG VWUHQJWK <6 RIPDWHULDOV 7KH
VWDLQOHVVVWHHOVXVHGLQWKH,7(57)&VWUXFWXUHDUHFODVVLILHGLQWRIRXUFODVVHV&&&DQG&FRUUHVSRQGLQJWR
UHTXLUHPHQWRI<67KHUHTXLUHPHQWGHILQHGPLQLPXP<6DW.DQG5703DDQG03DIRU&03D
DQG 03D IRU & 03D DQG 03D IRU & DQG 03D DQG 03D IRU & UHVSHFWLYHO\ -$($
SUHSDUHGDWHFKQLFDOVSHFLILFDWLRQIRUDFWXDO7)&VWUXFWXUHPDWHULDOV--IRU&/1+IRU&/10IRU&
DQG /1/ IRU & EDVHG RQ -60( FRGH EHFDXVH -60( FRGH GHILQHV FU\RJHQLF VWUXFWXUDO PDWHULDOV ,7(5
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2.3. Forged materials with round bar and complex shape
-$($ KDV VWDUWHG PDQXIDFWXULQJ RI 7)& VWUXFWXUH PDWHULDOV IURP  DQG DFWXDO PDQXIDFWXULQJ RI 7)&
VWUXFWXUH KDV VWDUWHG IURP $SULO RI  E\ XVLQJ PDQXIDFWXUHGPDWHULDOV ,Q WKH DFWXDOPDWHULDO PDQXIDFWXULQJ
PDWHULDOVKDYLQJVRPHNLQGVRIVKDSHVKDYHEHHQPDQXIDFWXUHG IRUH[DPSOHUHFWDQJXODUSODWH UHFWDQJXODUEORFN
WKUHHGLPHQVLRQDOFRPSOH[VKDSHDQGURXQGEDUVKDSH,QWKHTXDOLILFDWLRQVWDJH/1UHFWDQJXODUIRUJLQJEORFNV
DQGKRW UROOHGSODWHVZKRVH WKLFNQHVVDUH IURPPPWRPPZHUHPDQXIDFWXUHGDQGZHUH WHVWHGDOUHDG\>@
7KHUHIRUH WKLV VWXG\ LQYHVWLJDWHG WZR W\SHV RIPDWHULDOV RQH LV URXQG EDU  a PP LQ GLDPHWHU  a
PPLQ OHQJWK DQG WKHRWKHU LV WKUHHGLPHQVLRQDO VKDSHZKLFKFDOOHG%:LQJ%6LGH3ODWHDQG$6LGH
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3. Evaluation of accuracy about prediction 
3.1. Cryogenic tensile test
-$($ KDV LWV RZQ FU\RJHQLF PDWHULDO WHVW IDFLOLWLHV IRU PHFKDQLFDO WHVW RI VWUXFWXUDO PDWHULDOV ZKLFK LV
PHFKDQLFDOVFUHZGULYHQPDFKLQHIRU.WHQVLOHWHVW,WLVHTXLSSHGZLWKWXUUHWGLVNRQZKLFKVSHFLPHQVFDQEH
VHWXSVRWKDWVSHFLPHQVFDQEHWHVWHGDW.LQRQHFRROGRZQF\FOH.WHQVLOHWHVWVZHUHSHUIRUPHGE\XVLQJ
PP GLDPHWHU VSHFLPHQV DFFRUGLQJ WR WKH -DSDQHVH ,QGXVWULDO 6WDQGDUGV -,6 =  HQWLWOHG ³7HQVLOH WHVWLQJ
PHWKRGIRUPHWDOOLFPDWHULDOVLQOLTXLGKHOLXP´HVWDEOLVKHGLQ7HQVLOHWHVWVDW57ZHUHFRQGXFWHGDFFRUGLQJWR





3.2. Test results at 4 K and estimation results of predicted strength
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)LJ5HODWLRQEHWZHHQJUDLQVL]HDQG.<6RIFRPSOH[IRUJLQJVDQGURXQGEDUIRUJLQJV










QRGLIIHUHQFH DW SUHGLFWHGYDOXH7KHSUHGLFWLRQPHWKRG FDQEHDSSOLHGZLWK DFFXUDF\EHWZHHQ WR IRU





WKH WHQVLOH VWUHQJWK RI WKH PDWHULDO IURP ZKLFK IRUP DQG D SURFHVV GLIIHU FDQ DOVR EH SUHGLFWHG ZLWK VXIILFLHQW
DFFXUDF\E\WDNLQJLQWKHFRHIILFLHQWWRSUHGLFWLRQUHODWLRQ,WLVUHTXLUHGDVIXWXUHZRUNVWRDVVHVVDERYHWHFKQLFDO
UHDVRQV IRU URXQG EDU IRUJLQJV WR HVWDEOLVK DFFXUDWH SUHGLFWLRQ PHWKRG DOWKRXJK DOO WHQVLOH WHVW UHVXOWV VDWLVILHG
GHVLJQUHTXLUHPHQWV
4. Conclusion
7HQVLOH VWUHQJWK DW .RI VKDSHG IRUJLQJVKDVEHHQPHDVXUHGE\ -$($$OOPLQLPXP<6DW57DQG.





 6LQFH WKHUHZDV QR ODUJH GLIIHUHQFH LQ WKH FKHPLFDO FRPSRQHQW DQG WHQVLOH57<6 RI FRPSOH[ VKDSH DQG
URXQGEDUWKHUHVKRXOGEHQRGLIIHUHQFHLQSUHGLFWHGYDOXH+HQFHWKLVGLIIHUHQFHRISUHGLFWLRQRI.<6IRU
URXQGEDULVFDXVHGE\PDQXIDFWXULQJSURFHVV
 7KH SUHGLFWLRQ PHWKRG FDQ SUHVXPH WKH WHQGHQF\ RI WHQVLOH VWUHQJWK $ FRHIILFLHQW LV H[SHULPHQWDOO\
FDOFXODWHGIRUHDFKPDQXIDFWXULQJFRQGLWLRQVIRUPSURFHVVLWFDQDOVREHSUHGLFWHGZLWKVXIILFLHQWDFFXUDF\
E\WDNLQJLQWKHFRHIILFLHQWWRSUHGLFWLRQUHODWLRQ
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